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fc£&K&%tL>\k%-7t$Lte--*^ AT* « ' 4- * It & J& * 

* i & - * ; & • ^*j^j&^#5«t-f*fi4tA 

* §0 ^ t£ flt & \£ t 3L*t4fc7t#.l&ifc# ' «t 

X^-£->fc:7b&_L2r ; - S ^ ^ #L 4b ,# ' ffl«^^fi#f 

^ - ( - ) - $ ^ * n * 2 f n ° 

( ^ ) . $ ft * n ^ 7b # -ft * # % fl! «, B £ : 

Bj - ^ - to to ; 
B 2 ~ $ ^- #l to ;■ 

20 0- 4 4t 1- 4£ 5 

202~^&>fb^,#; 

20 4 > 21 1~ it 4b *^ ; 

"^TSxiliS5 (^a^^m : MULT I -BIT VERTICAL MEMORY CELL AND METHOD OF 
FABRICATING THE SAME) 

A multi-bit vertical memory cell and method of 
fabricating the same. The multi-bit vertical 
memory cell comprises a semiconductor substrate 
with a trench, a plurality of bit lines formed 
therein near its surface and the bottom trench 
respectively, a plurality of bit line insulating 
layers over each bit line, a silicon rich oxide 
layer conformably formed on the side wall of the 
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20 5- £ * 4 : 
2 0 6 - & PJ- ,# ; 
207- ffi a ; 

20 8- * 4t ; 

2 1 0 ~ JMb 3* 4 ; 
2 1 2 - M' BR * : 

2 1 4 - -ft ?t & : 

2 1 8 ~ M ft *r € 4 ; 
220-$^^*. 4b 4 

222- Ff1ft^€^ : 

223- *fe * >§ 

224- If- € ># 
2 2 6 - % 1 b 4 
228~*B83l^3&*£>§ 



* ^ Og-Wj&stt : MULTI-BIT VERTICAL MEMORY CELL AND METHOD OF 

FABRICATING THE SAME) 

trench and the surface of the surface of the bit 
line insulating layer, and a word line over the 
silicon rich oxide layer, and the trench is filled 
with the word 1 i ne. 
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230~^«tisZ*i&JMb4* ; 

232- 7t & # ; 

234 - 23 6- to 7t & # $g - 



* » ^^^-t- (&W&m • MULTI-BIT VERTICAL MEMORY CELL AND METHOD OF 
FABRICATING THE SAME) 




i. 5& * *] * % - + b *fc % - ft 
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E9 -OfrlHI*ft£.4fre,*#*$'H*h: 
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i. * W (1) 

[ # *h m M *t 

# <M3 4* # 

- # -r « # 5- & 

«. ^ 3r * • 



>flL 70 « -L ^ £ 4£ ?t 



7t • »J 



[^f at] . 

£- • m*-%>" # # # *t flt(nonvolati le memory, NVM) 

" . «*i«^3£"sr#lfra3£4t'*1*l&* ^(EEPROM) * • * 
t ' S *Pi^ -#f-*r -f- ( hot 

electrons) *SfcA,*«frffl*JfcMl ^ ^ # *Mt * * ft M 
t - ft An ' * 4 4L X A. * f i^^^f ' 4£ tfr * % M 

^ T 3r ^ i£ it 'ft >f (tunne 1 oxide 1 ay er ) it a & & ft 

ftUeak out) » i?ij*Sfc.l&*|t**-T#&TI*- 

$ T jL EE PROM ^ Sib € 3fL -SL * 4fc #j P-1 ^ • -- 3* ll 4b ^ 
* « tt. tt ttdiitride ROM • NROM) * # * ° #NROM 

^ «e hH ffl * A ft «. ft y ^ *J * ^fe a i$k JE a ^ e * * 4b Bf . 
^m^^^#ii^-^^^J^ia.itA^ ' it^At#Kil#* 
(charge trapping 1 ay e r ) ■ 4l St ft. 4b # t ' it #• >£ a #j 

Jt ^1 ft ^ £ $, J ^ *I ' * 
4& ° 



An ^ -f* ^ *) j& 
m « it it #L 4b 
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5. - (2) 

n # % i a • iiit'i*^ a A. -fb 4*1 n «. 

'ft ^- 7C ^ i77 S ^ ^ S3 ° 

^ & *9 ^ *fc # to to &102 ' ^ 4fc #1 04 -ft 

tSti^^>fSL7G^102^-L^ . X -ONO * 112 * tSt * ^ 4fc 
ifcHLl024LRI«r*tHl"*JfclOO-L^ - *bONO*112'ft * - A 
Jf ft 4b ^ Ji 1 0 6 - - fL 4b # 1 0 8 - A-JL^ft'fb^/tllO 
<ffc;fi&^ffn/£ • - m m * € ># ( * M0114 #. tst i -ffit * 
Ml « *. ># 104 ^LONO .# 112 Jl 3t • 

4E.0N0 #-112 t #j ft. 4b >§ 11 2*^^€#«#E107 - 
10 9 > ffija-gLte«*7ta£4b*!ra ' * a£ ^ 

-fit 7b Hil 0 2 • #a5*,4biL$i«i'fiL7b*P*#**# £107-h* > A 
it6«i^7b*.10 2A^*«.^it*'lfc-i*6*^.^b«* » 1=] 

Brf- . j£ it # >fr to Mil 0 2 ft # % * 4fe Jl # ±& ° 

TO S ' #^^^b^ii^'fi7C^ < t#M ; ^^ 1098f • * 

s£ #J -fit ft Mil 0 2 ft # A «. ^ it & - A a 3. 4b € £ ' TO 

# ^ii^^7C^102#^^^^it#*li o ' t n & 
it^^7c(t#M#^107)Bf . < 4.ifctt'tfcifcMU024fc*afc* 
i#3£tt4&7G Mil 02 ft ° TO S ' # If 3* # it 4fc 
tg( € # *t # fcl 09) ■* • & & 4fc 7G ^1 02 4£ 4 * * i ^ * 

# 4fc to Ml 1 0 2 ft 4t A ° 3 1* ' ^ fi" ^ ' 

# & # 4ft t #f- it. fi" ^ s£ 4b af *a TO • 

# 7% H * m <b iSL to Mi 4l ® 3* ^ONO #4L5t-SL^P|-^^^7& 
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W S£ #) & & • & fl& ' -ft *fi * -ft • 7G Ml *L * 8* ' ft- ft M£ 

3r © ' # *s * ONO # £ £. ' A! A * ^. 4b - Bfr 3, t» 
3* #1 ffl # 4. te. «It 4 7t * ^ t#^#^*5.f ^(cell 
disturbance) # ft ^ ° # »l #ONO >f.^5t&'h*H0£"# 
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s. » &*nttw (4) 

Sl m # & 3* t : ^.^L^Lit^^^yf » 1S:£^^r-to7t^. 

3" ; - t &4b# ' ««^«P«#«# ' *C 16 Ah «t * 

^*4t«*iL<t7fci|.IB*Jt^4tiB 5 A — ^ 7C ^ > 1& % Ifr t 
*^4Mb*Ji2r3fc*^** • 

JM£^# a £^-t*IL*°&'fc.S <Hj ^ # *. - ft tt Jfe 91 

ffi £ 'IS » Ti^l-^if^W ' fir m m & ' 4t # 
*a «, B /3 *» T : 

[ * *fc ^ * 1 

n %2a $'J2g BT »■ *2a*]2g B 4*' * * * *■ W # j& 

m n $- % %z m - it 3 b - ia -it * *i ^ # a a . % 

2a $«]2g B 4& m ^ £3 B ^AA' t7 ® *BB' -fea © B - 

if & ' Sf ^ ^ 3?2a B • £l:4*-^^^&;£200 • W *> 
- ^ B a a 81 • ^^^fl^.^200^©_L^^-^-^^205 ' £■ 

205*!lte*ii^**ll4b#*202*~**tj£«ifL4b^* 
204 #r to j& ° * t ' * *L 4b ^ ># 202 "ST * & H 4b & « a f 

£° #j 1j?M(at mo spheric) i& 46, 4b ^ H4l tfi, *t low 
pressure chemical vapor deposition, LPCVD)>;i,3tfln 
■ * & 4b ^ * 2 0 2 ^ _L # ft, 4b # * 2 0 4 T *»J ffl 46. £ 4b * 

a K * * ' a ^. |L ^ *t ( S i C 1 2 H 2 ) ^1 4R. «L ( NH 3 *|- 

206 - 4l ^ > #*9J*»«t*'Jljft^*ia^206 t^A«.itM 
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cr 207 • 

# T *. ' If ^ # $ 2 b ^ ■ #***«o2074L*|Sa.^ 
206 -Hf A 4k *J * * ' # ft ** 205 ifctf- # # <±*k « ft «L ' 
^J^o^^^^F-'Ife^J (reactive ion etching > R I E ) IE lit. 
4k U>1 (p lasma etching) » «H$&l&#2Q660Mo207in*J|# 
#^.^^>#2 05 t ° 

# £ ' «Si*««*?&*,*. i fb4l3£*.*«tjfcia^206 
^ ft > H&JF.£4205<ft*4*l!|jL$- ' it fi- # # ft '14 #s *J 
ft ig. ' W:fr&i6#^4kiBj£ 1 €ft<tt*] ' a m ft ^ * 2 0 5 

Bfl a T 3r ^ if- fit & & 2 0 0 4k M M. - m ^ >m & ft ^ & >m & _ 
#jjM400~1600A^&*tjfc4#208 - 

& T * ' If ^ # 3? 2 c ® • )BPft^,§205:Nl$- • * t ' 
m & & 4b & % 20 4 & # & & tik & 4k %l & » fc! «ft ifc 

(H 3 P0 4 )A***J$fc#.«£>&fl&Jl**-*Bfc- > *J Bft- ^ *, 4b ^ # 202 
tfi lj & % m A 4k m yk ' *^J*»4«&lLft(HF)^Ui»|ft*. 
^ & • ^ ft ' # &CVD *-fr^*H*A200Ji^riL*^t208 
* ft jffi m 44 m & - IL 4b M 2 1 0 ' & M- & 1 0 0 A iL • & 

» ft 'fb ># 2 1 0 Ji ^ m M «I4 St * - ML -fb ^ * 2 1 1 - [§] #. 

' H 'fb Jk 2 1 1 «T *I ft 46, M 4b * ft *S ^ &r • « ~ $L *P 
*&(SiCl 2 H 2 ) A & IUNH3) & Sl J& Ml ;5l 3* ft /£ • 

& T ft ' ffr #- # K 2 d n ■ # # ft 44 4k m ft 4b ^ 4 2 1 1 
» #J *° ,51 A -14 J* £fe m ft % ft £k £'J ' #208 # 

« * _L ^ A - ■ M I* * 2 1 2 • ^ ft • mm ffl 1**2124*.* ft* 
ft h9e. it #2 0 8 ^^^P^l^ Sf-tt&^OO-ftfliltafc-tt^tt. 
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3. > &WtSLW (6) 

A. . *o & m *& m * » Jt«*j*Ht2 08 ^#A#5fi:+*lt 
&A200**A^***&J£200 t<S-*&J&#*tt214 • a 
^ to it & - 

& ' 1fr * 4f £2e HI' » #&&^4b^s&£te>X;|f:&#r 
— ##fi214i;8r>&j&<ffc*t*.*6#.*216 ' #J *» H -fb ^ 
Ji • 4fc7t*iHfi*-<*216il. 1 lME < ]|S-jf- ' ffl«*"l&'ffc7t*|L*3= 

216 6«iJf&#) £.300 5.2000 A #|£B • ^ & • # * & 4* M 
#*«tWI**212A|l4b^*2I0 - 

& T *. ' itlr^f B l^'# t^H • - " " 
ft #■ # $ 2f ffl ' £ & #208 « « 4SL rt & Jg & M 21 6 4t 
Sj«i>^Jffiife'l±^j&-W^^t:>t218 - - t *P *, 4b * 
(silicon rich oxide)220 - - M * ^ € >§ 2 2 2 ' =. # & 
# isj ^ j& - *fe # ^ 223 ° ^ & 4b ,# 220 # & >fj -SP 4§£ # € 

1 1 0 A A is ' -T * 4b # $L ft ^(chemical vapor 
deposi tion) & 1$ & •■ M ^ *r € >§ 218 - 2 2 2 # & ^ #] «j 
^50 Ai* >. -Tit 4b( thermal oxidation) 

& • ^ & ifr #t i& ' itbt^^^4b^220 #^l£.'lt#7G3fe^t 

s&5£4b#iW'ffc&##f;#3Lffl ' B A t#*#l * t<t^ 
fc«2084W-®-L6<j£^^$t4b#220 * ' Ji-B-#^i£^i&# 
208_L^-^^.^P^##H214 - ffij^Isi^f^p^L%^-4^^ 
^*W^«3t4f208««4L^t|-*t||.4&2'0 0^^ia«*7b^- 
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i - #91*1.91 (7) 

if it o 

ffr ^ # £ 2 f ffl » ^J^4^223Ji^-^j&— ^«^224 • 
W *> Ik P £k M ' ^l:>t224#^^^#208 °^E.^^^^J 
t ' tf- « ,#224 # # & l«j ^ 1 500 #120 00 A iE. * • -T H * 4b 

(chemical mechanic polishing » CMP ) *h ^ >f 2 2 4 it *r 
4b • 

& *■ ' i*«*224.tfc*-***ifc*.B**-*IH. 

>i 2 24 /*/r /& ^ ^ i& ' *»£2f(a)B/*r^ ; ffij^^^^t 
^-#-**l^-5.jrdJ^4>t223 ' ^2f(b) i 7F - 

If ^ # g 2g ffl ' & &^tfrK&%ft% ! ^7t&Z-%%% 
224 4 M 223 Ji ^ j& ft 4b >f 226 > « *g ^ ^ j$ (BPSG) * 

22* XL & rn.ua Z* il(TEOS) & 4t % 230 $L ft Mh & M % fH if % 

% > # ^ ^ *j m m ft it ^ & ia >§ ^ ^ 4 # w ^ € ># ^ «■ a 

t ^ t ' 2p ^ #J £ /& ^ ^ ^ 4£ $o 2 3 2 ^ 4£ it 

#^234 ^236 • ^ 7t#l&*5232& ffl W ^ ^ ^ to ^ ^ ^ t 

2 24 *a i£ ; fl&4fc*,*|i4£*&234 * 236 a']^#J&##&214*B 
it • _&-#ltg^#.^234 *236$.»*t*««£,#£.«.*&-tt# 
3t ° 

t^#|4a|A$4b| - £4a B #4b B 3" #J * *f iii 
«. & «■ # .it fa W £ Ol ft £ % it 4ft # ft it e a s*. 4b 




i > (8) 

^ & m ° . 

^^.^200t^^.^:^7t^.214 • & & * + > to tg 

; -ffiLit<ji«*jt>t2i6#«ti^# 

-4iL7ti&214_L;$- • *#^^^300 JL2000 AA^ ; - « & 
4h«*218 - ~*^^4Mb*220-3l--.MiS<fr«*222*|Sl 
^&4L^4^ 223 • Ml A it *b «t it ^ j* «208 M * A -fit 7t H. 
.J&.ML/|216*®i ' * ^ ^ ft >fb 4 2 2 0 ffl a -ft % % # ## 

ffr ^ # # 4a @ • *#«-^A^#ieaHtTl«p^Ljp-^ 
tcB! it ^ a ^ 4b # 4* • fc#&^4L4fc7Cljt214#&S&;i£ 

' *«TS«P4L4it7tME.214^^«.fe V# # «fe ^ i§ # ^ 

HA^**^«#a4L*^^|L^b^220 #--^^-A*^ 

4L fc. <fb # # *fc & • ffft^lp^#^mstiil&^t^4| 

^*P*M£'flfl*-£'^|L'fb*220 *t • 

tcB 2 i£ *f ^ 5*. >fb # m of ' *4tUi«P^L^t7b<jL214^**-* > 
3! *# y£ £P ^ to 7t £k 2 1 4 f£ ^ SR. ^ ' 4£ # 2fc ;&* i§ # #j 4& £ 
' f;4Bp^te#Sfr^4Ti£#;irfcj3L>^£j=-to icB 2 ' ii JL ® 
^ ^ & ^ # # l& 4^ ^ ^ ^ 4b ,# 220 - itAf^t 
IL 4b # # Mt &. ' «^*%fc^^«#:jfrtttojli»&*'fri$3a* 
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%2a M2g ® & m ^ & & W & & £ & & & it m it 

t7 ® 7F & B ° 

^3B#-i£ili*?»Jitil» ° 

|4a@ A"».4b B^#J**Fft*##**'¥Iir*fe#l*.£ 

[ 43F * «, W 3 

10 0- ^ ft » 

10 2- fa 7t -& : 

i04~4fc*.Mt*&*fc>t ; 
1 0 6 - 1 1 0 ~ ^ 4b ^ >f ; 
107 *109-«#«#l& : 

1 0 8 ~ H 4b ^ £ ; 
1 1 2-ONO * : 

1 1 4 - ^ to «fc ; 
Bj ~ ^ — it ; 
B 2 ~ $ #l it ; 

200~-ft£ 

202~-&JMb^,# : 
204 ^211~fL4b^>*t ; 
20 5- 3fL £ >f ; 

2 0 6 ~ & is. >t ; 
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